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(57) ABSTRACT

The invention relates to a structural element (100) of a motor
vehicle, in particular of a motor vehicle seat, wherein the
structural element (100) comprises a first component (101)
and a second component (102). In an overlap region (103), the
first component (101) and the second component (102) have
a formed-closed connection, or a form-closed and form-
closed connection, wherein the connection in the overlap
region (103) can be produced by an electromagnetic pulse
shaping method, wherein the first component comprises at
least one form-closed molding (600), wherein the second
component can be molded into the at least one form-closed
molding (600).
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1
STRUCTURAL ELEMENT FOR A MOTOR
VEHICLE

CLAIM OF PRIORITY

This application claims priority from German application
serial number 10 2009 041428.2 filed 16 Sep. 2009 and from
German application serial number 10 2010 019577.4 filed 5
May 2010, and is a national application based on PCT Appli-
cation International Application PCT/EP2010/005667, filed
15 Sep. 2010 (published as W02011/032691) and claims the
benefit of the filing date of 15 Sep. 2010, all incorporated
herein by reference.

PRIOR ART

The invention is based on a structural element according to
the preamble of claim 1.

Such structural elements of motor vehicles are generally
known. For example, structural elements of this type are
produced by a first component and a second component being
connected to each other in an interlocking manner in an
overlapping region by the components being connect to each
other in the overlapping region, for example by press-joining.

However, these methods have the disadvantage that the
components have to be very precisely adjusted, thus causing
a high degree of complexity. In addition, these methods
require a comparatively large overlapping region in order, for
example, to ensure a required strength of the connection.

It as therefore the object of the present invention to provide
a structural element for a motor vehicle without the disadvan-
tages of the prior art.

DISCLOSURE OF THE INVENTION

This object is achieved by the structural element according
to the invention, the component according to the invention,
the method according to the invention and the device accord-
ing to the invention.

The structural element according to the invention, the com-
ponent according to the invention, the method according to
the invention and the device according to the invention as per
the further dependent claims have the advantage over the
prior art that the components can be connected to one another
in the overlapping region without complicated adjustment.
Furthermore, it is advantageously possible for only a com-
paratively small overlapping region to be required and nev-
ertheless for a stable connection to be able to be achieved. The
connection is advantageously produced very precisely.

These advantages are achieved by a structural element
according to the invention, wherein the structural element has
a first component and a second component, wherein the first
component and the second component have an interlocking or
interlocking and frictional connection in an overlapping
region, wherein the connection in the overlapping region can
be produced by an electromagnetic pulse shaping method,
wherein the first component has at least one interlocking
molding in the overlapping region, wherein the second com-
ponent can be molded into said at least one interlocking
molding.

In the electromagnetic pulse shaping method, the dynamic
action of a pulsed magnetic field is used to accelerate and
subsequently deform an electrically conductive material.
Since the magnetic field penetrates electrically non-conduc-
tive materials, conductive materials which are coated with a
non-conductive material can advantageously also be pro-
cessed. The deformation advantageously takes place without
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cracks forming in the surfaces. The pulsed magnetic field is
generated by a coil through which a current pulse flows. The
magnetic field induces eddy currents in the electrically con-
ductive material and briefly exerts a very high force such that
the electrically conductive material is plastically deformed as
soon as the generated force exceeds the yield point of the
material. The method can advantageously be carried out con-
tactlessly and in a comparatively short time. The deformation
process advantageously takes place within a comparatively
short time and proceeds very precisely since the very rapid
deformation process results in only minimal spring-back.
This makes it possible to join different materials contactlessly
and to produce a fixed connection. An advantage of this
process is that the materials are not affected by heat, and
therefore there is no thermal distortion and no need for
realignment. There is advantageously no heat influencing
zone, as in the case of thermal welding methods, and therefore
no loss of strength in the connection region and in the over-
lapping region. Furthermore, this method ensures compara-
tively high repetition accuracy.

The components can be manufactured from any material,
wherein the second component is preferably produced from
electrically conductive material, preferably from aluminum
material, magnesium material or steel material, or comprises
amaterial consisting of material-to-material bonding connec-
tions of different materials. The components preferably com-
prise a metal material, wherein, furthermore preferably, a
steel material or an aluminum material or a magnesium mate-
rial can be used. Furthermore, it is possible to use a fiber
reinforced plastic, preferably a carbon fiber reinforced plastic
(CFRP) or a glass fiber reinforced plastic (GFRP) for the first
component. For example, it is possible to use high-strength
steel only in regions subjected to a particularly great load and
to use only comparatively light materials in regions which are
exposed to smaller loads. Furthermore, it is possible for dif-
ferent materials to be combined with one another, for example
the first component consisting of high-strength steel and the
second component consisting of weight-saving aluminum.

The components may have any cross-sectional profile. The
cross section is preferably a closed profile, preferably of
circular design, or of polygonal, preferably hexagonal or
octagonal design, at least in the overlapping region. Use is
preferably made of tubes or profiles with longitudinal edges.
However, cross-sectional profiles, for example U profiles, T
profiles or I profiles are also possible. Use is preferably made
of flat profiles.

The components may furthermore have a comparatively
small wall thickness, and therefore weight can advanta-
geously be saved by means of small wall thicknesses.

Furthermore, it is advantageously possible, with the struc-
tural element according to the invention, that, for example,
tubular frames having small radii and also consisting of high-
strength steels can be provided.

In a preferred embodiment, the first component has at least
one depression and/or bead. The second component is
molded into said depression and/or bead by means of an
electromagnetic pulse shaping method.

The first component preferably has a multiplicity of
depressions and/or beads which are arranged at a uniform
distance from one another.

According to a preferred development, the at least one
interlocking molding of the first component is designed in the
overlapping region as a bead, wherein the bead preferably has
a bead depth which varies in the longitudinal direction of the
bead. This advantageously enables a connection which is
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particularly secure, for example, against tension, compres-
sion, torsion, bending and combinations thereof, in a simple
manner.

According to a preferred development, the at least one
interlocking molding of the first component is designed in the
overlapping region as a bead, wherein the bead is arranged
parallel or perpendicularly to a main direction of extent of the
first component. As an alternative, the bead is arranged at an
angle of between 30° and 60°, preferably between 40° and
50°, and furthermore preferably between 44° and 46°, with
respect to the main direction of extent of the first component.
The first component preferably has the interlocking molding
and at least one further interlocking molding in the overlap-
ping region, wherein the interlocking molding and the further
interlocking molding are designed as beads having in each
case a longitudinal direction, wherein the longitudinal direc-
tions of the beads are arranged parallel to one another. Fur-
thermore preferably, the first component has at least two or at
least three interlocking moldings in the overlapping region,
wherein the interlocking moldings are arranged at a uniform
spacing of the angle at the circumference from one another.

According to a further preferred embodiment, the second
component can be molded into the interlocking molding by
means of an electrically conductive driving element. It is
thereby advantageously possible to mold the second compo-
nent into the interlocking molding of the first component even
if the second component consists of a non-conductive or only
slightly conductive material, such as, for example, stainless
steel.

A further subject matter of the present invention is a com-
ponent for use as a first component of a structural element
according to the invention, wherein the component has at
least one interlocking molding in an overlapping region. The
at least one interlocking molding is preferably produced by
means of an electromagnetic pulse shaping method. As a
result, it is advantageously possible for the interlocking mold-
ings and the structural element consisting of the first and
second components to be able to be produced in the same
device for carrying out the electromagnetic pulse shaping
method without additional machines, for example a hydraulic
press.

A further subject matter of the present invention is a
method for producing a structural element, wherein, in a first
step, the second component is arranged in the overlapping
region between the first component and a coil, wherein, in a
second step, a magnetic field is generated in the overlapping
region by means of the coil, and wherein, in a third step, the
second component is molded into an interlocking molding of
the first component in the overlapping region.

A further subject matter of the present invention is a device
for producing a structural element, comprising a coil for
generating a magnetic field in an overlapping region, a first
component with at least one interlocking molding in the over-
lapping region and a second component for molding into the
interlocking molding of the first component, wherein the
second component is arranged in the overlapping region
between the first component and the coil.

As a further subject matter, the invention relates to a
vehicle seat structure (also called hybrid structural element
below) for a vehicle seat, in particular for a motor vehicle.

Structural elements of this type are described, for example,
in WO 2009/056294 A1, to which reference is expressly made
in this disclosure. Components and methods are presented
there, with which it is possible to assemble a structural ele-
ment, such as a vehicle backrest or seat frame, in such a
manner that this can be made substantially of identical parts.
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Furthermore, the connection of different frame materials to
one another, a “hybrid construction”, is described.

It is the object of the present invention to further standard-
ize a seat structure of the type in question in a steel/steel or
steel/lightweight construction material construction in order
to reduce storage and assembly costs and which has a low
weight and is nevertheless strong.

The object is achieved according to the invention by a
structural construction as is explained by way of example
with reference to the figures below for a divided rear seat
backrest. However, this example is not intended to restrict the
disclosure and can also be applied to a motor vehicle seat in
any seat row. The example is just as little intended to restrict
the use to a backrest component.

Advantageous refinements and developments of the inven-
tion can be gathered from the dependent claims and from the
description with reference to the drawings.

Exemplary embodiments of the present invention are illus-
trated in the drawings and are explained in more detail in the
description below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings

FIGS. 1 to 5 show schematic illustrations of exemplary
embodiments of the structural element according to the
invention,

FIG. 6 shows a schematic illustration of a component
according to an exemplary embodiment of the present inven-
tion,

FIGS. 7 and 7A show a schematic illustration of a device
according to an exemplary embodiment of the present inven-
tion, and

FIGS. 8 to 12 show further embodiments of the present
invention.

EMBODIMENT(S) OF THE INVENTION

In the various figures, identical parts are always provided
with the same reference numbers and are therefore generally
referred to or mentioned only once in each case.

FIG. 1 schematically illustrates a first embodiment of the
structural element according to the invention. The structural
element 100 is used in motor vehicles, and is used, for
example, as a frame structure for a backrest and/or for a seat
cushion of a motor vehicle seat. The structural element 100
has a first component 101 and a second component 102. The
components are each designed as U bows. The first compo-
nent 101 preferably comprises a high-strength material, for
example a steel material or a fiber-reinforced plastics mate-
rial. The second component 102 comprises an electrically
conductive material, and, preferably, use is made of a light
metal, such as aluminum or magnesium, and alloyed steel or
amaterial consisting of material-to-material bonding connec-
tions of different materials. In order to connect the first com-
ponent to the second component, the components are con-
nected to each other in an interlocking or interlocking and
frictional manner in the overlapping regions 103, 103' by
means of an electromagnetic pulse shaping method. The use
ot hybrid structures consisting of sheet-metal and aluminum
profiles enables a substantial reduction in weight, thus advan-
tageously furthermore enabling carbon dioxide emissions to
be reduced. As a tubular frame, the structural element 100 can
consist of different tube profiles having various wall thick-
nesses, different diameters and different materials (steel/alu-
minum) and different material properties. The tubular frame
is constructed to meet requirements and, for example, high-
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strength steel profiles are used only in the regions in which
extremely high forces occur. By contrast, other regions of
correspondingly lower requirements can be configured, for
example, with aluminum profiles. As a result, it is possible to
generate a comparatively good balance between weight,
crash performance and costs. Furthermore, it is advanta-
geously possible to realize certain radii in the corner regions
without cracks arising. By means of the directed formulation
of the suitable material and the properties associated there-
with, the quality of the tubular frames in respect of produc-
ibility, tolerance-sensitivity, spring-back behavior, etc. can be
significantly influenced and improved. These described tubu-
lar frame requirements and properties can be realized by
means of the electromagnetic pulse shaping method. This
method makes it possible to be able reliably to produce an
interlocking or frictional and interlocking connection
between the two different materials used (aluminum/steel).

FIG. 2 schematically illustrates a second embodiment of
the structural element 100 according to the invention. The
first component 101, 101" is designed as a longitudinal tube
section, but may also be designed, for example, as an angled
tube, and the second component 102, 102' is designed as a U
bow. At the four overlapping regions 103, 103', 103", 103",
the second component 102, 102' is in each case molded onto
the first component 101, 101' by means of the electromagnetic
pulse shaping method. Otherwise, reference is made to FIG.
1.

FIG. 3 schematically illustrates a third embodiment of the
structural element 100 according to the invention. The struc-
tural element 100 has four longitudinal tube sections, which
may also be designed, however, for example as an angled
tube, as first components 101 composed of a light metal and
four corner connectors 102 composed of high-strength steel
as the second components 102. The first components 101 are
molded onto the corner connectors 102 by means of the
electromagnetic pulse shaping method. It is advantageously
possible for the very different geometries to be able to be
produced using standardized corner connectors. Further-
more, it is possible for a plurality of connections to be pro-
duced at the same time, thus advantageously enabling the
manufacturing duration of the structural element to be con-
siderably reduced. Otherwise, reference is made to FIG. 1.

As an alternative, it is also possible for the longitudinal
tube sections to be manufactured from high-strength steel or
from a fiber-reinforced material, and for the corner connec-
tors, which are manufactured, for example, from a light metal,
to be molded onto the longitudinal tube sections by means of
the electromagnetic pulse shaping method.

FIG. 4 schematically illustrates a fourth embodiment of the
structural element 100 according to the invention. The struc-
tural element 100 has a pressed/cast part 102, for example of
aluminum, which is molded onto the high-strength first com-
ponent 101 in the overlapping region 103 by means of the
electromagnetic pulse shaping method. Otherwise, reference
is made to FIG. 1.

As an alternative, if is also possible for the lower and/or
upper crosspiece component to consist of a high-strength
material and for the side part, which is manufactured from a
light metal, for example aluminum or magnesium, to be
molded onto the crosspiece component by means of the elec-
tromagnetic pulse shaping method.

FIG. 5 schematically illustrates a fifth embodiment of the
structural element 100 according to the invention. The struc-
tural element 100 has shaped parts, such as, for example,
corner connectors or brackets 102, 102', 102", 102"", which
are molded onto the longitudinal tube 101, which, however,
may also be designed, for example, as an angled tube, in the

20

30

35

40

45

55

6

overlapping region 103 by means of the electromagnetic
pulse shaping method. The shaped parts 102, 102", 102",
102"" are manufactured, for example, from steel or alumi-
num. Otherwise, reference is made to FIG. 1.

As an alternative, it is also possible for the longitudinal
tube to be molded onto the corner connector in the overlap-
ping region by means of the electromagnetic pulse shaping
method. For this purpose, the corner connector can consist of
all electrically conductive and/or non-conductive materials
and the longitudinal tube can consist of any conductive mate-
rial.

FIG. 6 schematically illustrates the overlapping region 103
of' a component according to the invention as per an exem-
plary embodiment, which component is used as the first com-
ponent 101 within the context of this invention. The first
component 101 has an interlocking molding 600 and a further
interlocking molding 700 in the overlapping region 103. The
interlocking moldings 600, 700 are designed as impressions
or beads which are of elongated design and extend parallel to
one another in the wall of the first component 101. This
embodiment is illustrated merely by way of example and
other configurations of the interlocking moldings 600, 700 or
else a different number of interlocking moldings are also
possible, for example transversely or parallel to the main
direction of extent of the first component 101.

FIG. 7 schematically illustrates an exemplary embodiment
of the device according to the invention for producing a
structural element 100 according to the invention. In the
overlapping region 103, the second component 102 overlaps
the first component 101 and in particular the interlocking
molding 600 and the further interlocking molding 700 of the
first component 101. A coil 800 is arranged in the radial
direction outside the first component 101 and second compo-
nent 102, and therefore the second component 102 is arranged
between the first component 101 and the coil 800, wherein a
number of windings of the coil 800 are merely schematically
illustrated here. During the implementation of the electro-
magnetic pulse shaping method, the second component 102 is
pressed (illustrated by dashed lines) into the interlocking
moldings 600, 700 by the radially inwardly acting force gen-
erated electromagnetically by means of current flow through
the coil 800, thus producing an interlocking or interlocking
and frictional connection between the first component 101
and the second component 102. As an alternative, as illus-
trated in FIG. 7A showing an overlapping region 103, it is also
possible for the coil 800 to be arranged in the interior of the
second component 102, and therefore the electromagnetic
force acts radially outward and the second component 102 is
pressed into interlocking moldings 600, 700 of the first com-
ponent 101, which is arranged radially outside the second
component 102.

A further exemplary embodiment (FIG. 8) shows a divided
rear seat backrest 1, for example in the division ratio of 60%
to 40%. The construction of the frame structure is explained
with reference to the larger backrest part 2. The backrest
frame 4 consists of two backrest side parts 5 and 6, an upper
crosspiece 7 and a lower crosspiece 8. An additional backrest
central part 9 may further reinforce the backrest frame 4. As
can be seen, this may be omitted from the smaller backrest
part 3. All of the outer frame structure parts 5, 6, 7 and 8 are
produced from a lightweight construction material (for
example aluminum) in the form of extruded profiles, the
stiffening ribs of which are oriented transversely with respect
to the longitudinal axis of the frame structure parts. In this
case, the stiffening ribs can be arranged at any angle with
respect to the main plane of extent of the frame structure parts.
By contrast, the backrest central part 9 is produced from a
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lightweight construction material (for example aluminum or
magnesium) in the form of an extruded profile, the walls of
which are oriented parallel to the longitudinal axis of the
frame structure parts. In the exemplary embodiment, the back
shell 10 is composed of a high-strength steel. As an alterna-
tive, it may also be manufactured from plastic, preferably
reinforced with fibers (GFRP or GFRP). The CFRP/GFRP
may also be in the form of a sheet-like semi-finished product
(plate) based on a thermoplastic matrix. The reinforcement is
a woven or laid structure (endless fibers: the fiber length
corresponds to the size of the component) made from glass,
carbon, aramid or a mixed form. The back shell 10 and the
backrest frame 4 and also the frame structure parts 5, 6, 7, 8
and 9 are preferably connected to one another in a cohesively
bonded manner, particularly preferably by adhesive bonding
by means of one or two components and an adhesive tape.

FIG. 9 shows a further exemplary embodiment. The back-
rest side parts 5 and 6 consist here of steel tube profiles which
give rise to the backrest frame 4 in association with the upper
crosspiece 7 and the lower crosspiece 8 each in the form of an
extruded profile made of lightweight construction material.
Said backrest frame could be designed to be reinforced in
such a manner that a backrest central part 9 can be omitted
here. As before, adhesive bonding is suitable as the cohesive
bonding connecting method for this pairing of the material,
but so too is, for example, cold metal transter welding (CMT
welding) which makes it possible to connect the aluminum
parts to the galvanized steel components.

A similar construction is shown in the exemplary embodi-
ment according to FIG. 10. Said construction differs from the
previous exemplary embodiment by the use of high-strength
rectangular steel tube profiles for the backrest side parts 5 and
6.

FIG. 11 shows a further, very particularly preferred struc-
tural construction of a backrest frame structure. In this case,
the backrest frame 4 comprising backrest side parts 5 and 6 is
composed of rectangular steel tube profiles together with
crosspieces, 7 and 8, for example, of aluminium deep-drawn
or pressed profiles. Receptacles for the rectangular steel tube
profiles are already integrally formed here in the three-dimen-
sionally shaped aluminum crosspieces.

A common feature of all the exemplary embodiments is
that different material combinations from those described are
also conceivable. The backrest side parts 5 and 6 may thus be
composed of lightweight construction material (for example
aluminum or magnesium), steel (for example high-strength)
or plastic. The same applies to the crosspieces 7 and 8. These
materials may also be provided for the back shell 10. Accord-
ingly, different connecting techniques suitable for the
requirements may also be used. In addition to the methods
already mentioned, use may be made alternatively or in com-
bination of cohesive bonding, interlocking and/or frictional
connecting techniques, for example welding (for example
MIG), CMT welding (cold metal transfer—in the case of
aluminum-steel combinations), plug-in/screw connections,
junction element connections (for example diecast aluminum
junctions), rivet connections, press-joining (Tox clinching),
cold roll-forming or press connections.

According to a further embodiment, it is optionally pos-
sible for the components to be connected to one another after
an adhesive bonding process by means of special high-
strength tacker clips which are preferably manufactured from
stainless steel. A further preference is for the components to
be connected exclusively by the use of clips. As an alternative
or optionally, it is furthermore preferably possible, after the
application of glue, for the components to be coupled to one
another by a strap-type connection, at least for the further
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transport. These connections advantageously permit an addi-
tional securing of the components to one another. The secur-
ing means used can preferably be cohesive bonding, inter-
locking and/or frictional connecting techniques, for example
welding (for example MIG), CMT welding (cold metal trans-
fer—in the case of aluminium-steel combinations), plug-in/
screw connections, junction element connections (for
example diecast aluminum junctions), rivet connections,
press-joining (Tox clinching), cold roll-forming or press con-
nections.

All ofthe conceivable and/or necessary components can be
integrated into the backrest frame structure in a simple man-
ner, as FIG. 12 shows. For example, components for the
backrest inclination function, through-loading option and
child seat securing (Isofix, Top Tether) or receptacles for
seatbelt rollers, head restraints and arm rests are shown here.

LIST OF REFERENCE NUMBERS

1 Divided rear seat backrest

2 Larger backrest part

3 Smaller backrest part

4 Backrest frame

5, 6 Backrest side parts

7 Upper crosspiece

8 Lower crosspiece

9 Backrest central part

10 Back, shell

100 Structural element

101, 101' First component

102, 102',102", 102", 102" Second component
103, 103', 103", 103" Overlapping region
600 Interlocking molding

700 Further interlocking molding

800 Coil

The invention claimed is:

1. A structural element for a motor vehicle seat, wherein the
structural element has a first component and a second com-
ponent, wherein the first component and the second compo-
nent have an interlocking or an interlocking and frictional
connection in an overlapping region,

wherein the first component has a polygonal cross section,

at least in the overlapping region;

wherein the connection in the overlapping region is pro-
duced by an electrically conductive driving method
element arranged in a direction outside the first com-
ponent and the second component;

wherein the first component has at least one interlocking
molding on at least one wall of the polygonal cross
section in the overlapping region,

wherein the second component is molded into said at
least one interlocking molding by a radially inwardly
acting force by the electrically conductive driving
element,

wherein the at least one interlocking molding of the first
component is designed in the overlapping region as an
impression, wherein the impression is arranged at an
angle of between 44° and 46° with respect to a main
direction of extent of the first component.

2. The structural element as claimed in claim 1, wherein the
second component comprises an electrically conductive
material, a steel material, an aluminum material or a magne-
sium material or a material consisting of material-to-material
bonding connections of different materials.

3. The structural element as claimed in claim 1, wherein the
impression has an impression depth which varies in the lon-
gitudinal direction of the impression.
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4. The structural element as claimed in claim 1, wherein the
first component has at least two interlocking moldings in the
overlapping region, wherein the interlocking moldings are
arranged at a uniform spacing of an angle at a circumference
from one another.

5. The structural element as claimed in claim 1, wherein the
first component has the interlocking molding and at least one
further interlocking molding in the overlapping region,
wherein the interlocking molding and the further interlocking
molding are designed as impressions having in each case a
longitudinal direction, wherein the longitudinal directions of
the impressions are arranged parallel to one another.

6. The structural element as claimed in claim 1, wherein the
first component has a hexagonal or octagonal cross section at
least in the overlapping region.

7. A hybrid structural component of a motor vehicle seat
comprising the structural element of claim 1, wherein the
structural element has a first structural part and a second
structural part, wherein the first structural part is connected to
the second structural part by an electromagnetic pulse shap-
ing method, wherein the first structural part comprises a light-
weight construction material and the second structural part
comprises a steel material.

8. The hybrid structural component as claimed in claim 7,
wherein the first structural part is further connected to the
second structural part in a cohesively bonded manner or the
structural parts are coupled to each other by a clip and/or a
strap.
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9. The hybrid structural component as claimed in claim 7,
wherein the second structural part comprises a lightweight
metal or a fiber-reinforced material reinforced with carbon
fibers and/or glass fibers.

10. A structural element for a motor vehicle seat, wherein
the structural element has a first component and a second
component, wherein the first component and the second com-
ponent have an interlocking or an interlocking and frictional
connection in an overlapping region,

wherein the first component has a polygonal cross section,

at least in the overlapping region,

wherein the connection in the overlapping region is pro-

duced by an electrically conductive driving element
arranged in a direction outside the first component and
the second component,

wherein the first component has a plurality of interlocking

moldings on at least one wall of the polygonal cross
section in the overlapping region,

wherein the second component is molded into the inter-

locking moldings by a radially inwardly acting force by

the electrically conductive driving element, and

wherein the interlocking moldings of the first compo-
nent are designed in the overlapping region as an
impression, wherein the impression is arranged par-
allel or perpendicularly to a main direction of extent
of the first component.
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